It is now possible to measure detailed spectral indices for stellar populations in spiral disks. We propose to interpret these data using evolutionary synthesis models computed from the Star Formation Histories obtained from chemical evolutionary models. We find that this technique is a powerful tool to discriminate between old and young stellar populations. We show an example of the power of Integral Field spectroscopy in unveiling the spatial distribution of populations in a barred galaxy.
Introduction
The information obtained for a spiral galaxy may come from two sources: the gas or the stars. It is usually obtained from emission or absorption lines respectively (see (6) for a review). In the case of spiral galaxies, the spectra of the Hii regions, which will display emission lines of Hα, [O III] etc., provide information on the chemical abundances in the gas and/or the present Star Formation Rate (SFR). The atomic and/or molecular gas densities may also be estimated from observations. These data represent the present time state of a galaxy.
It is currently possible to perform spectrophotometric observations in different wavelength bands in order to obtain the radial distribution of surface brightness, colors, or even of spectral indices that quantify the absorption lines of the stellar disk. These observations measure the added light of all the stellar generations still present in the disk of the galaxy, thus providing information on the average properties of the disk over the galaxy life time.
The question then is how to use these two types of data, emission and absorption, to determine the history of a spiral galaxy. What are the possible evolutionary paths followed by a galaxy in order to reach the present observed state of its youngest generation while displaying the observed average properties?
Observing Spiral Disks
The measurement of the stellar absorption line indices of a galaxy is important since it provides information on the averaged properties of the various stellar populations and thus represents a powerful tool in breaking the ageabundance degeneracy (see next section). Historically observations of stellar absorption lines in spiral disks have been difficult to obtain because the flux level from the sky is usually very close to that emitted by the stellar populations under study, especially in the outer disk regions. The solution has been to obtain narrow-band images with filters specially designed for each galaxy (1) or to perform Fabry-Perot interferometry with a Taurus-Tunable filter (10). Both methods are conceptually similar, although the instrumentation is different. The idea resides in measuring fluxes within wavelength bands corresponding to specific spectral indices, as close in time as possible with the observations of the corresponding continuum bands. The galaxy disk is divided in concentric rings and the flux is then integrated azimuthally so that the effective signal-to-noise for the specific absorption line increases. A more modern approach is the use of a 3D spectroscopic instrument such as OASIS (2) or SAURON (4) which offer high spatial and spectral resolution. These instruments allow separation of the gas and young star emission line regions from the older phases of star formation.
The Degeneracy Problem : Theoretical Models
The information from the gas phase, such as density, abundance, actual star formation rate, is usually analyzed using chemical evolutionary models. They describe how the proportion of heavy elements present in the interstellar medium (ISM) increases, starting from primordial abundances, when stars evolve and die. Modern codes solve numerically the equation system used to describe a scenario based on initial conditions for the total mass of the region, the existence of infall or outflow of gas, and the initial mass function (IMF). Stellar mean-lifetimes and yields, known from stellar evolutionary tracks, are also included. Finally, a star formation rate is assumed. These many inputs, which greatly influence the final results of a model, imply that a large number of parameters must be chosen. The best model for a galaxy will of course be the one which reproduces the observational data as closely as possible. The resulting star formation history (SFH) and the age-metallicity relation (AMR) might be taken as the basic relations to describe the evolution of the galaxy.
Chemical evolutionary models, however, suffer from the well known uniqueness problem: it is usually impossible to describe the evolution of a galaxy only by knowing the final state or present day abundances, since more than one evolutionary scenario can be used to reach the present situation. A
